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FREQUENCY OFFSET AND METHOD OF 
OFFSETTING 

TECHNICAL FIELD 

This disclosure relates to transmitter digital signal proces 
sor (DSP) circuits and more particularly to transmitter DSP 
circuits in low intermediate frequency (IF) transceivers. 

BACKGROUND OF THE INVENTION 

In a typical low IF transceiver, the transmitter portion is set 
at the same frequency as the local oscillator, which is used for 
both the receiver and transmitter. The receiver, however, 
needs to have its local oscillator offset from an incoming radio 
frequency (RF) signal by an amount equal to the IF frequency. 
This offset unfortunately prevents an RF loopback test 
because the transmitter is always at the same frequency as the 
oscillator and it is impractical to include another oscillator 
running at a frequency which is very close to that of the 
transmitter. Such an extra oscillator would require a separate 
phase-locked loop (PLL) and would consume a large area on 
a chip. 
The testing of a typical low IF transceiver is currently 

performed using another chip to transmit to the device under 
test or use an expensive set of RF test equipment. 

FIG. 1 is a block circuit diagram of a transmitter digital 
signal processor (DSP) 20 used in typical low IF transceivers. 
The DSP 20 includes look up table (LUT) based Gaussian 
filtered Frequency Shift Keying (GFSK) modulator 22. The 
data 24 is input into the LUT modulator 22. The LUT22 and 
a counter 26, that counts from Zero up to N-1 where N is the 
number of samples per data bit, is used to look up the samples 
of the filtered data. The data 28 output from the LUT 22 
represents an instantaneous frequency of a transmitted RF 
signal. The data 28 is fed to a latched phase accumulator 30. 
The output 32 from the accumulator 30 is the instantaneous 
phase of the RF transmit signal and is applied to a sine and 
cosine LUT 34,36, which is a polar to rectangular conversion. 
The outputs 38, 40 of the sine and cosine LUT 34, 36 are 

then converted by digital-to-analog converters (DACs) (not 
shown) to create In-phase and Quadrature (I and Q) signals of 
the transmitter, which are upconverted to the RF frequency. 

SUMMARY OF THE INVENTION 

A transmitter digital signal processor (DSP) circuit has a 
transmit frequency represented by n-bit data output from a 
look up table (LUT). The n-bit data is outputted to an n-bit 
accumulator structured to overflow at a rate based on the 
output n-bit data to output a phase. The circuit further has 
device structured to add an n-bit signed constant to the accu 
mulator to offset the frequency represented by the n-bit data 
output from the LUT. A transceiver on a semiconductor chip 
may include as part of a transmitter circuit, a transmit DSP 
circuit that has the LUT, accumulator and device providing an 
n-bit signed constant to the accumulator to offset a transmit 
frequency in order to allow a receiver circuit on the trans 
ceiver to communicate directly with the transmitter circuit, 
and thus allowing testing of the transceiver. 
The foregoing and other features and advantages of the 

invention will become more readily apparent from the fol 
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2 
lowing detailed description of a preferred embodiment of the 
invention which proceeds with reference to the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block circuit diagram of a typical transmitter 
digital signal processor. 

FIG. 2 is a block circuit diagram of a transmitter digital 
signal processor according to an embodiment of the inven 
tion. 

FIG. 3 is a block circuit diagram of a transceiver according 
to another embodiment of the invention. 

DETAILED DESCRIPTION 

Disclosed herein is a circuit that allows for the offsetting of 
the transmit frequency in a transmitter digital signal proces 
sor (DSP), a method of offsetting the transmit frequency in a 
transmitter DSP and a transceiver utilizing a transmitter DSP 
circuit that allows for offsetting the transmit frequency. 
By offsetting the transmit frequency within the transmitter 

DSP, the transmit frequency can be set to be equal to the 
receiving frequency on a transceiver, therefore, allowing for 
loopback testing within the transceiver and thus eliminating 
the need for expensive RF testing equipment. 

FIG. 2 is a block circuit diagram of a transmitter DSP 
circuit 50 according to an embodiment of the invention. 
Transmit data 52 and counter 54 are connected to the look up 
table (LUT)56. The LUT56 may be a LUT-based Gaussian 
filtered Frequency Shift Keying (GFSK) modulator. Data 58 
output from the LUT 56 represents an instantaneous fre 
quency of a transmit signal. The data 58 is fed into a latched 
accumulator 60. The accumulator 60 is structured to overflow 
at a rate based upon the data fed into it to output an instanta 
neous phase of a transmit signal. 
A device 62 feeds a signed constant 64 into the latched 

accumulator 60. The signed constant 64 offsets the frequency 
represented by the data 58 output from the LUT 56. 
The signed constant 64 is represented in FIG. 2 as being a 

12-bit signed constant and the latched accumulator 60 is 
represented as being a 14-bit accumulator. These bit sizes are 
exemplary of an application that may be used within a low 
intermediate frequency (IF) transceiver. The circuit 50, how 
ever, is not limited to these bit sizes and other bit sizes are 
contemplated to be within the scope of the embodiments 
described herein. 
The device 62 may be structured to be turned on and off. 

Here, the device 62 may have a single signed constant stored 
in it and when the device 62 is turned on, the frequency 
represented by the data 58 from the LUT 56 is offset at the 
accumulator 60 and testing or other diagnostic steps may be 
performed. When the device 62 is turned off, normal trans 
mitting operation of the DSP circuit 50 occurs. 
The device 62 may also be programmable such that a 

variety of signed n-bit constants may be fed to the latched 
accumulator 60. Different pre-selected signed n-bit constants 
64 may be stored in the device 62 and may then be fed to the 
accumulator 60 for various tasks. The programmability of the 
device 62 may extend to programming the signed constant 64 
during normal operation of the circuit 50. 
One application of the circuit 50 may be with low IF 

transceivers, as shown in FIG. 3. When the DSP circuit 50 is 
used with a low IF transmitter, the data 58 output from the 
LUT56 may be 10-bit data and the device 62 may be struc 
tured to output 12-bit constant 64. The data 58 and constant 64 
may then be fed into a 14-bit accumulator 60. If a 12 Mega 
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hertz (MHz) clock signal 66 is used with the transmit DSP 
circuit 50, the accumulator 60 will overflow at a rate of: 

where K is the value of the signed constant 64 added to the 
14-bit accumulator 60 on each 12 MHZ clock edge. For 
example, if K=1365, then the frequency will be 999755 Hz, or 
about 1 MHz. 

Referring still to FIG. 2, a method of offsetting a frequency 
in a transmitter DSP circuit 50 will be described. N-bit data 58 
representing a frequency of a transmit signal is output from 
the LUT 56 to the latched accumulator 60. The frequency 
represented by the data 58 is offset by adding signed constant 
64 to the latched accumulator 60. 
The signed constant 64 may be programmed to be a user 

determined signed constant that is programmed before add 
ing the constant 64 to the accumulator 60. To add the signed 
constant 64 to the accumulator 60, the device 62 may be 
preprogrammed with a single value. The device 62 is then 
turned on to add the constant 64 to the accumulator 60. 
A clock signal 66 having a predetermined frequency, CLK 

(FIG. 3), may be inputted into the circuit 50. Offsetting the 
frequency represented by the data 58 may then include adding 
the signed constant 64 to the n-bit latched accumulator 60 to 
achieve a resulting rate of overflow, F, of the accumulator 60 
that is determined by the equation: 

Where F is the resulting rate of overflow, CLK is the fre 
quency of the clock signal 66, K is the value of the signed 
constant 64 added to the accumulator 60 and n is the number 
of bits used by the n-bit accumulator 60. 

FIG.3 is a block circuit diagram of a radio transceiver 70 on 
a semiconductor chip. The transceiver 70 has a receiver cir 
cuit 72 and a transmitter circuit 74. The transmitter circuit 74 
includes a transmitter DSP block 50. The details of the trans 
mit DPS block 50 are shown as circuit 50 in FIG. 2. The block 
50 includes a LUT 56 structured to output n-bit data 58 
representing a transmit frequency and a latched n-bit accu 
mulator 60 arranged to receive the n-bit data 58 from the LUT 
56. The block 50 further includes device 62 structured to 
output a signed n-bit constant 64 to the latched n-bit accumu 
lator 60. The signed n-bit constant offsets the frequency rep 
resented by the data 58. 

The device 62, shown in FIG. 2, in DSP block 50 may be 
structured to be turned on and off such that when the device 62 
is turned on, the device sends the signed n-bit constant 64 to 
the latched accumulator 60. The device 62 may also be struc 
tured to be programmable Such that the device outputs a 
programmable signed n-bit constant 64. 
The transceiver 70 may further include a loopback switch 

76 that connects the receiver circuit 72 to the transmitter 
circuit 74. The loopback switch may be turned on and off to 
provide a direct connection between the two circuits 72, 74 
when testing is performed on the transceiver 70. The loop 
back switch 76 may be replaced by a direct connection 76 
between the circuits 72, 74. 
A connection 78 may connect to the output 80 of the 

transmitter circuit 74, with the connection 78 connecting to an 
external lead (not shown) of the semiconductor chip. Con 
nection 82 may connect to the input 84 of the receiver circuit 
72, with the connection 82 connecting to an external lead (not 
shown) of the semiconductor chip. When the transceiver is 
arranged as described, the output 80 of the transmitter circuit 
74 can be coupled with the input 84 of the receiver circuit 72 
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4 
off of the semiconductor chip utilizing connectors 78, 82 to 
enable easy testing and monitoring of the chip. 
The transceiver 70 may further be structured and config 

ured to be a low IF transceiver such that the receiver circuit 72 
is a low IF receiver circuit and the transmitter circuit 74 is a 
low IF transmitter circuit. Here, the transmitter circuit 74 may 
be structured to transmit a signal 80 at a first frequency. Then 
the receiver circuit 72 may be structured to receive a signal 84 
at a second frequency. Referring to FIG. 2, the device 62 may 
be structured to output a signed n-bit constant 64, having a 
value that offsets the frequency represented by the data 58 
output from the LUT 56 such that the transmitter circuit 74 
transmits a signal 80 at the second frequency. By transmitting 
at the second frequency, the receiver circuit 72 can commu 
nicate directly with the transmitter circuit 74, thus enabling 
testing of the transceiver 70. 

For some low IF transceivers 70, the value of the signed 
n-bit constant 64 may be one that offsets the frequency rep 
resented by the data 58 by 1 MHZ. 

It should be appreciated that reference throughout this 
specification to “one embodiment” or “an embodiment” 
means that a particular feature, structure or characteristic 
described in connection with the embodiment is included in at 
least one embodiment of the present invention. Therefore, it is 
emphasized and should be appreciated that two or more ref 
erences to “an embodiment’ or “one embodiment' or “an 
alternative embodiment” in various portions of this specifi 
cation are not necessarily all referring to the same embodi 
ment. Furthermore, the particular features, structures or char 
acteristics may be combined as Suitable in one or more 
embodiments of the invention. 

Similarly, it should be appreciated that in the foregoing 
description of exemplary embodiments of the invention, Vari 
ous features of the invention are sometimes grouped together 
in a single embodiment, figure, or description thereof for the 
purpose of streamlining the disclosure aiding in the under 
standing of one or more of the various inventive aspects. This 
method of disclosure, however, is not to be interpreted as 
reflecting an intention that the claimed invention requires 
more features than are expressly recited in each claim. Rather, 
as the following claims reflect, inventive aspects lie in less 
than all features of a single foregoing disclosed embodiment. 
Thus, the claims following the detailed description are hereby 
expressly incorporated into this detailed description, with 
each claim standing on its own as a separate embodiment of 
this invention. 

The invention claimed is: 
1. A transmitter digital signal processor (DSP) circuit com 

prising: 
a look up table (LUT) structured to output multiple bits of 

data representing a frequency; 
a multiple-bit accumulator structured to overflow at a rate 

based upon the output data of the LUT to output a phase; 
and 

a device structured to add a multiple-bit signed constant to 
the accumulator to offset the frequency represented by 
the multiple bits of data output from the LUT, wherein 
the device structured to add the multiple-bit signed con 
stant includes structure allowing the device to be turned 
on and off. 

2. The circuit of claim 1 wherein the LUT is a LUT-based 
Gaussian-filtered Frequency Shift Keying modulator. 

3. The circuit of claim 1 wherein the device structured to 
add the multiple-bit signed constant includes structure mak 
ing the device programmable. 
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4. The circuit of claim 3 wherein the structure making the 
device programmable allows the device to provide a user 
programmed constant during operation of the circuit. 

5. The circuit of claim 1 wherein the LUT is structured to 
output 14-bit data representing the frequency, wherein the 
multiple-bit accumulator is a 14-bit accumulator, and 
wherein the device is structured to add a 12-bit signed con 
Stant. 

6. The circuit of claim 1 wherein the circuit is a low inter 
mediate frequency (IF) transmit DSP circuit. 

7. A method of offsetting a frequency in a transmitter 
digital signal processing circuit, comprising: 

identifying data representing the frequency from a look up 
table (LUT): 

outputting the data to a latched accumulator, and 
offsetting the frequency represented by the data output 

from the LUT by adding a signed constant to the latched 
accumulator, wherein a bit value associated with the 
signed constant is variable according to a mode of opera 
tion of the transmitter digital signal processing circuit. 

8. The method of claim 7 further comprising programming 
a user-determined signed constant before adding the signed 
constant to the latched accumulator. 

9. The method of claim 7 further comprising inputting a 
clock signal having a predetermined frequency to the LUT, 
wherein offsetting the frequency represented by the data out 
put from the LUT includes adding the signed constant to the 
latched accumulator to get a resulting rate of accumulator 
overflow that is determined by the equation: F=CLKK/2. 
where F is the rate of overflow, CLK is the frequency of the 
clock signal, K is the signed constant and n is the number of 
bits used by the latched accumulator. 

10. The method of claim 7 further comprising turning on a 
device structured to output the signed constant. 

11. A radio transceiver semiconductor chip, comprising: 
a receiver circuit; and 
a transmitter circuit including a transmitter digital signal 

process (DSP) block, wherein the transmitter DSP block 
includes a look-up table (LUT) structured to output mul 
tiple bits of data representing transmit frequency, a 
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6 
latched multiple-bit accumulator arranged to receive the 
multiple bits of data output from the LUT, and a device 
structured to output a multiple-bit signed constant to the 
latched multiple-bit accumulator thereby offsetting the 
frequency represented by the multiple bits of data output 
from the LUT, wherein the device structured to output 
the multiple-bit signed constant is structured to output a 
programmable multiple-bit signed constant. 

12. The semiconductor chip of claim 11 further comprising 
a loopback Switch connecting the receiver circuit to the trans 
mitter circuit and arranged to provide testing of the receiver 
and transmitter circuits. 

13. The semiconductor chip of claim 11 further comprising 
a connection coupling an output of the transmitter circuit to an 
input of the receiver circuit. 

14. The semiconductor chip of claim 11 further comprising 
connections from the transmitter circuit and the receiver cir 
cuit arranged to allow an output of the transmitter circuit to be 
coupled to an input of the receiver circuit off of the semicon 
ductor chip. 

15. The semiconductor chip of claim 11 wherein the device 
structured to output the multiple-bit signed constant is struc 
tured to be turned on and off. 

16. The semiconductor chip of claim 11 wherein the 
receiver circuit is a low intermediate frequency (IF) receiver 
circuit and the transmitter circuit is a low IF transmitter cir 
cuit. 

17. The semiconductor chip of claim 11 wherein the trans 
mitter circuit is structured to transmit a signal at first fre 
quency, the receiver circuit is structured to receive a signal at 
a second frequency, and wherein the device is structured to 
output the multiple-bit signed constant having a value that 
offsets the frequency represented by the data output from the 
LUT Such that the transmitter circuit transmits a signal at the 
second frequency. 

18. The semiconductor chip of claim 11 wherein the device 
is structured to output the multiple-bit signed constant having 
a value that offsets the frequency represented by the data 
output from the LUT by 1 MHz 

k k k k k 
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